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(57) Abstract: An apparatus for swaging an end of a tubular (22) is described as comprising a swaging head (17) for providing the 
swage to the end of the tubular (22). The swaging head (17) has two or more swaging fonnations (22 A, 22B) provided ibereon to 
permit swaging of differing diameters of tubular ends. The apparatus may comprise a stop plate (5, 9) for abutment against the other 
end of the tubular (22), where the swaging head (17) and the stop plate (5, 9) are movably coupled to one another. The apparatus may 
have a clamping device (4) for clamping the mbular (22), where the clamping device is spUt into at least three part-circular clamping 
segments (30) which clamp around the outer circumference of the mbular to permit it to be swaged. The clamping device (4) may 
have a plurality of teeth (35) for gripping the outer surface of the mbular (22), and a plurality of grooves (36) formed between the 
teeth (35). The gripping surface of each tooth (35) is substantially parallel to the longitudinal axis of the mbular (2) to be gripped. 
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Attorney's Docket No. M0378/7000 DRW 

Express Mail Label No. : ELS 1 946249 1 

Date of mailing: August 13, 2001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: WHYTE, Ronald, et al. 

Serial No. : Not yet assigned 

Filing date: Herewith 

For: APPARATUS FOR SWAGING AN OBJECT 

Examiner: Not yet assigned 

Art Unit: Not yet assigned 

Box PCX 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

PRELIMINARY AMENDMENT 

Please amend the above-identified application, prior to Examination on the merits, to 
conform the specification with U.S. practice: 

In the Specification 

On page 1, before the first paragraph, please add the subheading: 
- Field of the Invention™, 

On page 1, after the subheading "Field of the Invention," please insert the following 

section: 

Related Applications 

This application claims the benefit under 35 U.S.C. §120 or 35 U.S.C. §365(c) of PCT 
International application PCT/GBOO/00430 designating the United States of America, and filed 
February 11,2000. 

Foreign priority benefits are claimed under 35 U.S.C. §1 19(a)-(d) or 35 U.S.C. §365(b) 
of Great Britain patent application number 9903150.2 filed February 12, 1999, which designated 
at least one country other than the United States.--. 
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On page 1, after the insertion of Related Applications , please insert the subheading: 
--Background of the Invention--. 



In the Claims 

Please rewrite claims 6, 7, 9, 10, 15, 16, 18, 19, 22, 23, 25, 27, 28, 32, 33, 36, and 39 as 
follows: 

6. (Amended) An apparatus according to claim 4, wherein the surface of the internal bore of 
the swaging head provided by the taper from the first to the second diameter is a guiding surface, 
and the surface provided by the taper from the second to third diameter is a swaging surface. 

7. (Amended) An apparatus according to claim 3, wherein the surface of the internal bore of 
the swaging head from the second/third diameter to the third/fourth diameter is arranged to be 
substantially perpendicular to the longitudinal axis of the swaging head. 

9. (Amended) An apparatus according to claim 3, wherein the swaging head is arranged 
with at least first and second swaging formations, whereby the fourth diameter of the first 
swaging formation is greater than the first diameter of the second swaging formation. 

1 0. (Amended) An apparatus according to claim 3 , wherein the first diameter of the first 
swaging formation is the closest diameter of all of the diameters of all of the swaging formations 
to the tubular end, in use. 

1 5 . (Amended) An apparatus according to claim 1 3 , wherein the surface of the external 
diameter of the swaging head provided by the taper from the fu-st to the second diameter is a 
guiding surface, and the surface provided by the taper from the second to third diameter is a 
swaging surface. 



554151.1 



Serial No.: Not yet assigned -3- Art Unit: Not yet assigned 

16. (Amended) An apparatus according to claim 12, wherein the surface of the external 
diameter of the swaging head from the second/third diameter to the third/fourth diameter is 
arranged to be substantially perpendicular to the longitudinal axis of the swaging head. 

1 8. (Amended) An apparatus according to claim 12, wherein the swaging head is arranged 
with at least first and second swaging formations, whereby the fourth diameter of the first 
swaging formation is smaller than the first diameter of the second swaging formation. 

1 9. (Amended) An apparatus according to claim 12, wherein the first diameter of the first 
swaging formation is the closest diameter of all of the diameters of all of the swaging formations 
to the tubular end, in use. 

22. (Amended) An apparatus according to claim 20, wherein the swaging head is moveable 
toward the stop plate by means of a piston. 

23. (Amended) An apparatus according to claim 20, wherein the swaging head and the stop 
plate are movably coupled to one another by a frame. 

25. (Amended) An apparatus according to claim 23, wherein the frame comprises at least 
one member coupled to both of the swaging head and the stop plate. 

27. (Amended) An apparatus according to claim 25, wherein the coupling between the 
member and the stop plate comprises a screw thread engagement. 

28. (Amended) An apparatus according to claim 20, wherein the stop plate comprises a bore 
and a device for obturating the bore, such that when the device obturates the bore, the device 
abuts the said other end of the tubular, in use. 



55415L1 



Serial No.: Not yet assigned -4- Art Unit: Not yet assigned 

32. (Amended) An apparatus according to claim 30, wherein there are two clamping devices 
provided, a forward clamping device which is arranged to be closest to the swaging head, and a 
rear clamping device which is arranged to be furthest from the swaging head. 

3 3 . (Amended) An apparatus according to claim 3 0, wherein the clamping segments are 
housed within a clamping ring. 

36. (Amended) An apparatus according to claim 33, wherein the clamping ring is split into at 
least two part circular members. 

39. (Amended) An apparatus according to claim 33, wherein a range of segments can be 
housed within the ring. 
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ArtUnit: Not yet assigned 



REMARKS 



Applicant has amended the specification to provide priority application information under 
PCT Article 21(2) of the PCT application of which the above-identified application is a U.S. 
national stage application. No new matter has been added. 

The claims have been amended to conform with U.S. practice. Attached hereto is a 
marked-up version of the changes made to the claims by the current amendment. The attached 
page is captioned "MARKED-UP CLAIMS." 



Respectfully submitted, 



By: k y-u ^ yc 

Douglas R. Wolf, ^ No. 36,971 
WOLF, GREENFIELD & SACKS, P.C. 




600 Atlantic Avenue 
Boston, MA 02210 
(617) 720-3500 



Attorney's Docket No.: M0378/7000 DRW 
Date: August 13, 2001 
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MARKED-UP CLAIMS 

Claims 6, 7, 9, 10, 15, 16, 18, 19, 22, 23, 25, 27, 28, 32, 33, 36, and 39 have been 
amended as follows: 

6. (Amended) An apparatus according to [either of claims] claim 4 [or 5], wherein the 
surface of the internal bore of the swaging head provided by the taper from the first to the second 
diameter is a guiding surface, and the surface provided by the taper from the second to third 
diameter is a swaging surface. 

7. (Amended) An apparatus accordmg to [any of claims] claim 3 [to 6], wherein the surface 
of the internal bore of the swaging head from the second/third diameter to the third/fourth 
diameter is arranged to be substantially perpendicular to the longitudinal axis of the swaging 
head. 

9. (Amended) An apparatus according to [any of claims] claim 3 [to 8], wherein the 
swaging head is arranged with at least first and second swaging formations, whereby the fourth 
diameter of the first swaging formation is greater than the first diameter of the second swaging 
formation. 

1 0. (Amended) An apparatus according to [any of claims] claim 3 [to 9], wherein the first 
diameter of the first swaging formation is the closest diameter of all of the diameters of all of the 
swaging formations to the tubular end, in use. 

15. (Amended) An apparatus according to [either of claims] claim 13 [or 14], wherein the 
surface of the external diameter of the swaging head provided by the taper from the first to the 
second diameter is a guiding surface, and the surface provided by the taper from the second to 
third diameter is a swaging surface. 

1 6. (Amended) An apparatus according to [any of claims] claim 12 [to 1 5], wherein the 
surface of the external diameter of the swaging head from the second/third diameter to the 
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third/fourth diameter is arranged to be substantially perpendicular to the longitudinal axis of the 
swaging head. 

1 8. (Amended) An apparatus according to [any of claims] claim 1 2 [to 1 7], wherein the 
swaging head is arranged with at least &st and second swaging formations, whereby the fourth 
diameter of the first swaging formation is smaller than the first diameter of the second swaging 
formation. 

1 9. (Amended) An apparatus cording to [any of claims] claim 1 2 [to 1 8], wherein the first 
diameter of the first swaging formation is the closest diameter of all of the diameters of all of the 
swaging formations to the tubular end, in use. 

22. (Amended) An apparatus according to [either of claims] claim 20 [or 2 1 ], wherein the 
swaging head is moveable toward the stop plate by means of a piston. 

23 . (Amended) An apparatus according to [any of claims] claim 20 [to 22], wherein the 
swaging head and the stop plate are movably coupled to one another by a frame. 

25. (Amended) An apparatus according to [either of claims] claim 23 [or 24], wherein the 
frame comprises at least one member coupled to both of the swaging head and the stop plate. 

27. (Amended) An apparatus accordmg to [either of claims] claim 25 [or 26], wherein the 
coupling between the member and the stop plate comprises a screw thread engagement. 

28. (Amended) An apparatus according to [any of claims] claim 20 [to 27], wherein the stop 
plate comprises a bore and a device for obturating the bore, such that when the device obturates 
the bore, the device abuts the said other end of the tubular, in use. 

32. (Amended) An apparatus according to [either of claims] claim 30 [or 3 1 ], wherein there 
are two clamping devices provided, a forward clamping device which is arranged to be closest to 
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the swaging head, and a rear clamping device which is arranged to be furthest from the swaging 
head. 

33. (Amended) An apparatus according to [any of claims] claim 30 [to 32], wherein the 
clamping segments are housed within a clamping ring. 

36. (Amended) An apparatus according to [any of claims] claim 33 [to 35], wherein the 
clamping ring is split into at least two part circular members. 

39. (Amended) An apparatus according to [any of claims] claim 33 [to 38], wherein a range 
of segments can be housed within the ring. 
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1 "Apparatus for Swaging an Object" 
2 

3 The present invention relates to an apparatus for 

4 swaging an object, and particularly relates to arx 

5 apparatus for swaging an end of a tubular member, such 

6 as a length of casing or drillpipe used in the oil and 

7 gas industry. 
8 

9 Conventionally, casing tubulars have a standard pin 

10 type connector at each end, and one end of a casing 

11 tubular is connected to an end of another casing 

12 tubular by means of a casing 3oint, commonly known as a 

13 coupler, and which comprises a short length of tube 

14 having a standard box type connector at each end. 

15 Alternatively, tubulars, such as drill pipe in 

16 particular, have a standard pin type connection at one 

17 end and ^a standard box type connection at the other 

18 end- 
19 

20 It is important that a made up tubular string, such as 

21 a casing, lining or drill string has a substantially 

22 linear throughbore at the joints between the respective 

23 tubulars, and couplers if present. 
24 

25 The pin and/or box connections are conventionally made 
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1 up on a ciibular by first swaging respectively inwardly 

2 or outwardly the outer diameter of the ends of the pipe 

3 by a saleable amount so that pins can be formed- This 

4 swaging of the oucer diamecer of* the pipe necessarily 

5 respectively reduces or increases the internal diameter 

6 of the pipe end- 
7 

8 After the end of the pipe has been swaged^ the internal 

9 or external diameter of the end of the pipe is then 

10 machined. The swaging process ensures that there is 

11 material around the entire circumference of che 

12 internal or external diameter of the pipe chat can be 

13 machined away, thereby achieving concentricity of the 

14 internal or excernal diameter of the pipe end, 

15 Additionally, this ensures that there are no thick or 

16 thin secnions of wall chickness on the pipe end, 

17 thereby ensuring a constant wall thickness to the pipe 

18 end. 
19 

20 Thereafter, the screw thread of the pipe end can be 

21 formed on its outer or inner circumference, 
22 

23 A conventional machine for swaging an end of a pipe 

24 comprises a swaging head having a single swaging 

25 formation thereon for swaging a particular diameter of 

26 pipe- The pipe to be swaged is held between a semi- 

27 circular lower clamp and two upper quarter circular 

28 segments, where the two upper segments are hinged to 

2 9 the lower semi -circular clamp to permit che pipe to be 

30 inserted into the clamp. The clamp is provided with 

31 plurality of teeth, in a saw tooth arrangement, to grip 

32 the pipe. However, with the saw tooth arrangement, the 

33 teeth tend to bite into and damage the outer wall of 

34 the pipe- Purthenrtore, where the pipe has slight 

35 variacions in the outer circumference of its wall, the 

36 teeth will cend to grip certain parts of the outer 
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3 

1 diameter more forcefully than other parts, sxnce the 

2 clamping device is substantially immoveable once it has 

3 been closed. 
4 

5 According to a first aspect of the present invention, 

6 there is provided an apparatus for swaging an end of a 

7 tubular, the apparatus comprising a swaging head for 

8 providing the swage to the end of the tubular, wherein 

9 the swaging head has two or more swaging formations 

10 provided thereon to permit swaging of differing 

11 diameters of tubular ends. 
12 

13 The swaging formation may be provided on an internal 

14 bore of the swaging head, such that the internal bore 

15 of the swaging head engages the outer diameter of the 

16 tubular end to provide the swage thereto. 

17 

18 Bach swaging formation may comprise a first diameter of 

19 the swaging head, a second diameter being smaller than 

20 the first diameter, a third diameter being simaller than 

21 the second diameter, and a fourth diameter being 

22 smaller than the third diameter- Preferably, the 

23 internal bore of the swaging head tapers substantially 

24 linearly inwardly, with respect to the longitudinal 

25 axis of the swaging head^ from the first diameter to 

26 the second diameter, and from the second diameter to 

27 the third diameter. Typically, the angle of the taper 

28 from the first to the second diameter is greater than 

29 the angle of the taper from the second to third 

30 diameter. Typically, the surface of the internal bore 

31 of the swaging head provided by the taper from the 

32 first to the second diameter is a guiding surface, and 

33 the surface provided by the taper from the second to 

34 third diameter is a swaging surface, 

36 The surface of the internal bore of the swaging head 
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1 from the second/third diameter Co the third/fourth 

2 diameter may be arranged to be substannially 

3 perpendicular to the longitudina^l axis of the swaging 

4 head, and is preferably arranged co provide a shoulder 

5 or a stop surface against which the tubular end 

6 arrests . 
7 

8 Preferably, the swaging head is arranged with at least 

9 first and second swaging formations, whereby the fourth 

10 diameter of the first swaging formation is greater than 

11 the first diameter of the second swaging formation. 

12 Typically, the first diameter of the first swaging 

13 formation is the closest diameter of all of the 

14 diameters of all of the swaging forinations to the 

15 tubular end, in use. 

16 

17 Alternatively, the swaging- fojrmation may be provided on 

18 an external diameter of the swaging head, such chat the 

19 external diameter of the swaging head engages the inner 

20 diameter of the tubular end to provide the swage 

21 thereto. 
22 

23 Each swaging formation may comprise a first diameter of 

24 the swaging head, a second diameter being greater than 

25 the first diameter, a third diameter being greater than 

26 the second diameter, and a fourth diameter being 

27 greater than the third diameter. Preferably, the 

28 external diameter of the swaging head tapers 

29 substantially linearly outwardly, with respect to the 

30 longitudinal axis of the swaging head, from the first 

31 diameter to the second diameter, and from the second 

32 diamecer to the third diameter. Typically, the angle 

33 of the taper from the first to the second diameter is 

34 greater than the angle of the taper from the second to 

35 third diameter. . Typically, the, surface of the external 

36 diameter of the swaging head provided by the taper from 
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1 Che first to the second diameter is a guiding surface, 

2 and the surface provided by the taper from the second 

3 to third diameter is a swaging surface. 

4 j;- 

5 The surface of the external diameter of the swaging 

6 head from the second/ third diameter to the third/fourth 

7 diameter may be arranged to be substantially 

8 perpendicular to the longitudinal axis of the swaging 

9 head, and is preferably arranged to provide a shoulder 

10 or a stop surface against which the tubular end 

11 arrests . 
12 

13 Preferably, the swaging head is arranged wich at least 

14 first and second swaging formations, whereby the fourth 

15 diameter of the first swaging formation is smaller than 

16 the first diameter of the second swaging formation. 

17 Typically, the first , diameter of the first swaging 

18 formation is the closest diameter of all of the 

19 diameters of all of the swaging formations to the 

20 tubular end, in use. 
21 

22 Two or more swaging formations may be provided. 
23 

24 According to a second aspect of the present invention, 

25 there is provided an apparatus for swaging an end of a 

26 tubular, the apparatus comprising a swaging head for 

27 swaging the end of the tiobular, and a stop plate for 

28 abutment against the other end of the tubular, the 

29 swaging head and the stop plate being movably coupled 

30 to one another . 
31 

32 Movement of the swaging head and the stop plate toward 

33 one another typically facilitates swaging of the said 

34 one end of the tubular . 

36 Typically, the swaging head is moveable toward the stop 
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1 plate by means of a piston, and preferably, the swaging 

2 head and the stop plate are movably coupled to one 

3 another by a frame. Typically, the frame is adjustable 

4 such that distance between therstop plate and the 

5 3waging head can be further varied by adjustment of the 

6 frame. 
7 

8 Typxcally, the frame comprising at least one member 

9 coupled to both of the swaging head and the stop plate, 

10 and preferably the coupling between the member and at 

11 lease one of the stop plate and swaging head can be 

12 adjusted xn order to vary the length of the member 

13 between the swaging head and the stop plate. 

14 Preferably, the coupling between the member and the 

15 stop plate is in the form of a screw thread engagement. 
16 

17 Preferably, the stop plate, comprises, a bore and a 

18 device for obturating the bore, such that when the 

19 device obturates the bore, the device abuts the said 

20 other end of the tubular- Typically, the device is 

21 removable from the stop plate such that a txibular to be 

22 swaged may be passed through the bore. This provides 

23 the invention with the advantage that the device can be 

24 inserted into or over the bore so that short lengths of 

25 tubular can be swaged, and the device can be removed 

26 from the stop plate so that longer lengths of tubular 

27 can be swaged, 
28 

29 According to a third aspect of the present invention 

30 provides an apparatus for swaging an end of a tubular, 

31 the apparatus comprising a swaging head for swaging che 

32 end of the tubular, and a clamping device for clamping 

33 the tubular, the clamping device being split into at 

34 least three part -circular clamping segments which clamp 
3 5 substantially around the outer circumference of the 

36 tubular to permit it to be swaged. 
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1 Preferably, there are at least four pare -circular 

2 clamping segments which clamp substantially around the 

3 outer circumference of the tubular to permit it to be 

4 swaged. 
5 

6 Preferably^ there are two clamping devices provided, 

7 typically a forward clamping device which is arranged 

8 to be closest to the swaging head, and a rear clan^^ing 

9 device which is arranged to be furthest from the 
10 swaging head. 

11 

12 Typically, the clamping segments are housed within a 

13 clamping ring, and may be mounted on the clamping ring 

14 in an arrangement such that the segments can move, 

15 preferably only to a relatively small degree, with 

16 respect to the ring. 
17 

18 Preferably, the clamping ring is split into at least 

19 two part circular members, where the members may be 

20 hinged together, such that the ring may be opened to 

21 permit a tubular to be inserted into the ring^ and 

22 closed to clatt^ the segments around the tubular. 
23 

24 Typically, a range of segments can be housed within the 

25 ring, where the range of segments may be of varying 

26 radial thickness, to permit a range of differing 

27 diameter txabulars to be clanged. 
28 

29 According to a fourth aspect, the present invention 

30 provides an apparatus for swaging a tubular, the 

31 apparatus comprising a swaging head for swaging the end 

32 of the tubular, and a clamping device for clamping the 

33 tubular, the clamping device having a plurality of 

34 teeth for gripping the outer surface of the tubular, 

35 and a plurality of grooves formed between the teeth, 
36^ wherein' the gripping surface of each tooth is 
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1 substantially parallel to the longitudinal axis of the 

2 tubular to be gripped . 
3 

4 This provides the invention with the advantage that the 

5 teeth do not bite into the outer surface of the 
5 tubular, thus avoiding damaging the tubular. 

7 

8 The grooves may be formed with two side walls which are 

9 substantially perpendicular to the longitudinal axis of 

10 Che tubular zo be gripped, and may be formed with a 

11 lowermost surface which is substantially parallel to 

12 the longitudinal axis of the tubular to be gripped. 
13 

14 An embodiment of the present invention will now be 

15 described, by way of example only, with reference to 

16 the accompanying drawings, in which: - 
17 

18 Fig- 1 is a side view of an apparatus for swaging 

19 an end of a tubular in accordance wirh the present 

20 invention; 

21 Fig. 2 is a plan view of the apparatus of Fig. 1; 

22 Fig. 3 is an end view of the apparatus of Fig- 1; 

23 Fig, 4 is an end view of the clamping device of 

24 the apparatus of Fig, l; 

25 Fig- 5 is a plan view of the clamping device of 

26 Fig. 4; 

27 Fig. 6 is a cross -sectional view of a first 

28 swaging head for use of the apparatus of Fig. 1; 

29 Fig. 7 is a second swaging head for use with the 

30 apparatus of Fig. 1; 

31 Fig, 8 is a third swaging head for use with the 

32 apparatus of Fig. 1; 

33 Fig. 9 is a fourth swaging head for use with the 

34 apparatus of Fig. 1; 

35 Fig. 10 is a series of part cross-sectional side 
3,6 views of gripping devices for use with the 
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1 clamping device of Fig. 4; 

2 Fig. 11 is an end view of one of the sets of 

3 gripping devices of Fig. 10; 

4 Fig, 12 IS a part cross-sectional side view of the 

5 set of gripping devices of Fig. 11; 

6 Fig. 13 IS a detailed cross -sectional view of a 

7 pornion of the gripping device of Fig, 12; 

8 Fig- 14 is a side view of a first male swaging 

9 head for use of the apparatus of Fig. 1; 

10 Fig. 15 is a second male swaging head for use with 

11 the apparatus of Fig. 1; 

12 Fig. 16 is a third male swaging head for use with 

13 the apparatus of Fig. l; and 

14 Fig. 17 is a fourth male swaging head for use with 

15 the apparatus of Fig. 1. 
16 

17 Fig. 1 shows an apparatus for swaging the end of a 

18 tubular or a pipe such as a length of casing or 

19 drillpipe used m the oil and gas industry. 
20 

21 The apparatus comprises a base frame 1 which, in use of 

22 the apparatus^ would typically lie on a workshop floor- 

23 A press head 3 is mounted on the base frame 1 by means 

24 of a cap screw 12 and taper washer 13, such that the 

25 press head 3 stands vertically upright from the 

26 horizontally arranged base frame 1. A swaging cylinder 

27 2 is mounted on the press head 3 by means of a 

28 plurality of cap screws 14, such that the longitudinal 

29 axis of the swaging cylinder 2 is arranged to be 

3 0 substantially horizontal- A piston rod 18 is located 

31 within the swaging cylinder 2, such that the piston rod 

32 18 lies on the longitudinal axis of the swaging 

33 cylinder 2. The furthest end of the piston rod 18 is 

34 typically coupled to a swaging or die head 17 by means 

35 of a cap screw 11, such that actuation of the swaging 
36^ " ^ cylinder 2 moves the piston rod 18, and hence die head 
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1 17 outwardly from the swaging cylinder 2, until the 

2 piston rod 18 has potentially travelled its maximutu 

3 stroke or contact is made with the stop shoulder, which 

4 is indicated in Fig, 1 by the die heads 17 reaching its 

5 position which is shown in phantom 17A. As shown in 

6 Fig. 1, in is preferred chat the maximum stroke of the 

7 piston rod 18/ and hence die head 17, xs twelve inches. 
8 

9 

10 A clamping unit 4 is mounted on the base frame 1 at 

11 approximiately the mid -point of che base frame 1, such 

12 that the clamping unit stands vertically upright with 

13 respect to the base frame 1. The clamping unit 4 will 

14 be described in more detail subsequently. 
15 

16 An end stop 5 is movably mounted upon uhe base frame 1, 

17 such that the end stop 5 stands,.. vertically upright with 

18 respect to the base frame 1. 
19 

20 A first pair of struts or strengthening members in the 

21 form of tie rods 6 are provided between the press head 

22 3 and the clamping unit 4, and are arranged to lie on 

23 the plane of the longitudinal axis of the swaging 

24 cylinder 2, on either side of the die head 17. The tie 

25 rods 6 are secured to the press head 3 by means of nuts 

26 8, and are screw threaded to the clamping unit 4. A 

27 second pair of struts or strengthening members in the 

28 form of tie rods 7 act between the clamping unit 4 and 

29 the end stop 5, and are arranged to lie on the plane of 

30 the longitudinal axis of the swaging cylinder 2. The 

31 tie rods 7 are secured to the clamping unit 4 by means 

32 of screw threads, and are secured to the end stop 5 by 

33 means of a nut 19 on one side of the end stop 5, and a 

34 hand wheel nut 15 on the other side of the end stop 5- 

35 It should be- noted that the majority of the outer 

36 surface of the tie rods 7 is provided with a screw 
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1 thread fonnation thereon, such that an operator of the 

2 apparatus can rotate the hand wheel nut 15 to permit 

3 the end stop 5 to be moved along the zie rods 7 from 

4 the position of the end scop 5 shown in Fig. 1 to the 

5 position of the end stop 5A shown in phantom in Pigs. 1 

6 and 2. Thus, the distance between the' end scop 5 and 

7 the die head 17 can be varied. 
B 

9 As shown in Fig, 2, the end scop 5 is provided with a 

10 bore 20, which can be obturated by placing a push plate 

11 9 on the end stop 5, and attaching the push plate 9 by 

12 means of a stud 13, nuts 16 and a retaining plate 21. 
13 

14 Accordingly, the push plate 9 can be placed on the end 

15 stop 5, as shown in Figs. 1 and 2, and the end stop 5 

16 can be positioned so chat the push plate 3 butts 

17 against an end of a relatively shorc^ length of pipe, 

18 such as a pup joint 22 used in the oil and gas 

19 industry- The middle of the pup joint 22 can be 

20 supported by the clamping unit 4 , and the swaging 

21 cylinder 2 can be operated to move the die head 17 

22 toward the closest end of the pup joint 22 co it, such 

23 that the die head 17 swages the end of the pup joint 

24 22. 
25 

26 As shown m Fig. 4, the clamping unit 4 comprises a 

27 clainp base 41, and a pair of clamp arms 42, 43 which 

28 are respectively hingedly coupled to the clamp base 41 

29 by means of pivot pins 44, washers 51 and split pins 52 

30 at the lowest ends of the respective clamp arms 42, 43. 

31 The upper ends of the clamp arms 42, 43 can be 

32 releasably coupled together by means of a cylinder 45 

33 which is attached to one of the clamp arms 43 by means 

34 of a trunnion bearing half 46 and a socket head cap 

35 screw 47. A trunnion pin 48 is mounted on the other 

36 clamp arm 42 by means of a washer 49 and split pin 50, 
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1 and the trunnion pin 48 is engageable with the trunnion 

2 bearing half 46, such that operation of the cylinder 4 5 

3 pulls the clamp arms 42^ 43. toward one another. 

4 However, it should be noted that the 'connection between 

5 the arms 42, 43 can be varied so as to make them 

6 interchangeable, for ease of production, 
7 

8 Thus, the clamp arms 42A, 43A are moveable from their 

9 open position shown in phantom on Fig. 4 in which a 

10 pipe (not shown) can be inserted into the clamp unit 4, 

11 to a closed position 42, 4 3 in which the clamping arms 

12 42, 43 substantially surround a seci^ion of the outer 

13 circumference of the tubular. 

:0 15 A first exatnple of a "female" die head 17A is shown in 

16 Fig- 6/ where this die head 17A is suitable for swaging 

7^1 17 two different pipe sizes, these being a relatively 

18 large pipe size of 13^/^ inches outer diameter, and a 

^^-^ 19 smaller pipe having an outer diameter of 10V4 inch- 

20 However, it should be noted that the specific 

hj 21 dimensions of the diehead can be varied for different 

22 swaging requirements. 
33 23 

m 24 This example of the die head 17A has a first swaging 

25 formation, generally designated as 22A, and is formed 

26 on the internal bore of the die head 17A, This first 

27 swaging formation 22A has a first diameter 23A formed 

28 at the mouth of zhe internal bore of the die head 17A. 

29 A second diameter 24A is shown as being to the right of 

30 the first diameter 23a in Fig. 6, where the second 

31 • diameter 24 A is slightly smaller thcin the first 

32 diameter 23A (13.86 inches). The surface of the 

33 internal bore tapers linearly inwards from che first 

34 23 A to the second 24A diameters at an angle of 9* to } 

35 the longitudinal axis of the die head 17, and forms a 

36 lead-in surface 25A to guide the pipe end into the 
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1 internal bore of the die head 17. A third diameter 26A 

2 is shown in Fig. 6 as being to the righc of the second 

3 diamecer 24A, where the third diameter 26A is smaller 

4 (13-24 inches) than the second j<iiameter 24A. The 

5 surface of the internal bore tapers linearly inwardly 

6 from the second 24A to the third 2SA diameters at an 

7 angle of 3° no the longitudinal axis of the die head 

8 17, where the surface between the second 24A and third 

9 26A diameters forms a swaging surface 27A to provide a 

10 swage to the IBVa inch pipe end. A shoulder 28A 

11 projects radially inwardly at an angle perpendicular to 

12 the longitudinal axis of the die head 17 and provides a 

13 stop surface thereon to ensure that the die heads 17 

14 cannot "over swage" the pipe end. 
15 

16 A second swaging formation 22B is also provided on the 

17 internal bore of the d.ie heads_17^ and i,s. shown in Fig, 

18 S as being to the right of the first swaging formation 

19 22A- The various diameters 23B, 24B, 2GB of the second 

20 swaging formation 22B are all smaller than the 

21 respective diameters 23A, 24A, 26A of the first swaging 

22 formation 22A, and are of a size suitable for providing 

23 a swage to a 10V4 inch pipe. 
24 

25 Fig. 7 shows a second example of a die head 17B, and 

26 which has a first swaging formation 22C, which is 

27 similar to the first swaging formation 22A of the die 

28 head 17A, and a similar second swaging formation 22D- 

29 The swaging formations 22C, 22D are sized to provide a 

30 swage to respective pipe sizes 9V6 inch and TVa inch. 
31 

32 Fig. a shows a third example of the die head 17C, where 

33 this die head 17C has three swaging formations 22E, 

34 22P, 22G provided thereon to enable the die head 17C to 

35 provide a swage to three different pipe sizes, these 

36 being respectively 7 inch, 5V2 inch and 4V2 inch. 
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1 Fig. 9 shows a fourth example of a die head 17D, also 

2 having three swaging formations 22H, 221, 22 J provided 

3 thereon to enable the die head 17D to provide a swage 

4 to three different pipe sizes / t^ese being respectively 

5 6V9 inch, 5 inch and 4 inch pxpe diameters. 
6 

7 An operator of the apparatus can choose the correct die 

8 head 17A, B, C, D as required by the diameter of the 

9 pipe, and can attach che correct die head 17A, C, D 
10 by means of the cap screw 11. 

11 

12 It will also be appreciated by those skilled in the art 

13 that: a die head having one or more swaging formations 

14 formed on it's oucer circumference for providing a 

15 swage to the inner bore of an end of a tubular can also 

16 be provided for use with the apparatus, and such a 

17 range of "male" dieheads is shown in Figs. 14 to 17. 

18 The one or more swaging formations on the outer 

19 circumference are, in essence, mirror images of che 

20 swaging formations hereinbefore described in detail, 
21 

22 Figs. 11 and 12 show one set of clamping segments or 

23 collets 30A, B, D where each clamping collet 3 0 

24 circumscribes an angle of preferably slightly less than 

25 90"* of a circle- However, it should be noted that two 
2 6 sets of clamping collets 30, 32 are utilised in the 

27 apparatus, as will now be described. As shown in Fig. 

28 10, a forward set 30 of collets is mounted to the 

2 9 clamping unit 4^ where this first set 3 0 is arranged to 

3 0 be closest to the die head 17, and a rear set 32 of 

31 clamping collets is also mounted to the clamping unit 

32 4. The two lower clamping collets 30B, 30C are mounted 

33 to the lower semi -circular bore of the clamp base 41, 

34 and one of the upper clamping collets 30A, 30B are 

35 ^ mounted to the respective clamp arms 42, 43, where each 

36 clamping collet 3 OA, B, C, D is mounted to the clamping 
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1 units by means of a fixing screw 3 3 vhich passes 

2 through a first aperture 34 in the respective clamping 
' 3 collet 30A, C, D. Thus, since there is only one 

4 fixing screw 33 per clamping coHet, the clamping 

5 collets 3 0 can move slightly with respect to the 

6 clamping unit 4, and this provides the apparatus with 

7 the advantage that the clamping collets can move to 

8 compensate for slight irregularities in the outer 

9 circumference of the pipe to be swaged. 
10 

11 However, the two lower clamping collets 30B, 3aC may be 

12 modified to be combined into one lower clamping collet 

13 (not shown) which would preferably circumscribe an 

14 angle of slightly less than 18 0*' of a circle. This 

15 modified lower clamping collet is also preferably 

16 mounted on the clamping unit in a suitable arrangement 

17 such that it- can move slightly, with respect to the 

18 clamping xinit 4 . 
19 

20 The inner bore of the clamping collets 3 0 is provided 

21 with a clamping formation thereon, as shown in Fig. 13. 

22 The clamping forTtiation comprises a plurality of flat 

23 teeth 35 which are of equal width. The upper surface 

24 of the flat teeth 35 are parallel with the longitudinal 

25 axis of the pipe to be swaged, and the flat teeth 35 

26 are spaced apart by substantially flat troughs 36, 

27 where the flat troughs 36 are of substantially equal 

28 length with the flat teeth 35. In the clamping collets 

29 30 shown in Fig- 13, there are six flat teeth 35 per 

30 inch along the internal surface of the clamping collets 

31 30- The presence of the flat troughs 36 provide the 

32 advantage that corrosion or contamination appearing on 

33 the outer surface of the pipe to be swaged can be 

34 squeezed off by the flat teeth 35 and located within 

35 the flat troughs 36, thus providing an enhanced 

36 clamping action upon the pipe to be swaged. 
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1 Furchermore , the flat teeth 3 5 do not "bite" into the 

2 outer surface of the pipe to be swaged. 
3 

4 As shown in Fig. 10, there are t^ arrangements of sets 

5 of clamping collets for clamping ten different 

6 diameters of pipe, although there may be additional 

7 sets provided for non-standard diameter pipes. The 

8 first set, as shown in set (1), is for clamping around 

9 the largest casing diameter normally used; this being 

10 13»38 inches. Set (2) and set (3) are for clamping 

11 10.75 inches and 9,63 inches diameter pipes 

12 respectively^ with clamping collets 56 and 57 

13 respectively. The clamping collets 57 of set (3) can 

14 be combined with different radius collet inserts 58A, 

15 B, C, D, E, F^ G by means of fixing screws 59 to permit 

16 smaller diameter pipe sizes 7.62 inches, 7 inches^ 6.62 

17 inches, '5.5 'inches, 5 inches, 4.5 inches and 4 inches 

18 respectively to be clamped. Thus, by combining the 

19 collet inserts 58A-G with the clamping collets 57, the 

20 apparatus has the advantage of providing a flexible 

21 arrangement for clamping and thereafter swaging a 

22 variety of different diameter pipe sizes, 
23 

24 As stated before, the push plate 9 can be located on 

25 the end stop 5 to permit short lengths of pipe such as 

26 pup joints 22 to be swaged; clamping unit 4 is not used 

27 in this case and the two lower clamping collets 30B, 

28 30C support the pup joint 22 at its mid point. For 

29 longer lengths of pipe, the push plate 9 is removed, 

30 and the pipe end to be swaged is passed through the 

31 bore 20 of the end stop 5, and the clamp arms 42, 43 

32 are closed around the outer diameter of the pipe. 
33 

34 The die head 17 is typically pushed onto the end of the 

35 pipe to be swaged, with typically 350 tonnes of push 

36 being applied. With this amount of push being applied. 
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1 a shoulder 60 is provided on the clamping collets 30, 

2 32, 56, 57, and a shoulder 62 is provided on the collet 

3 inserts 58A-G, to ensure that the respective screws 33, 

4 59 are not broken when the push-^is applied. 
5 

6 The hydraulic pressure requirements of the cylinder 2 

7 are thus very high, and for many pipes, the piston push 

8 provided by the cylinder 2, 45 will be too great. 

9 Therefore, there is provided a safety control system, 

10 on both the clamp unit 4 to ensure that che pipe is not 

11 crushed, and also on the die head piston cylinder 2, to 

12 ensure that overpressure is not applied when swaging. 

13 An unloading valve is included in che hydraulic fluid 

14 control circuit and is arranged to dump overpressure of 

15 hydraulic fluid back into the hydraulic fluid 

16 reservoir. The unloading valve is actuated by the 

17 ~ electronic eircuit . Before, swaging a pipe, the 

18 operator of the apparatus looks up the characteristics 

19 of the pipe in a manual provided with the apparatus, 

20 where the characteristics are typically weight or wall 

21 thickness, the grade of metal used m the pipe, and the 

22 outside diameter of the pipe- The manual then informs 

23 the operator what the safe pressure or load that the 

24 operator can apply to both the clamp unit and the 

25 swaging cylinder 2. The operator then inputs this safe 

26 pressure or load into the electronic circuit which, if 

27 this safe pressure or load is exceeded, the electronic 

28 circuit then operates the unloading valve. Operation 

29 of the unloading valve however retains the intended 

30 safe working pressure or load. A visual indicator may 

31 be used in addition, or in the alternative to the 

32 electronic circuit, to indicate that the correct 

33 pressure has been achieved. 
34 

3 5 Modifications and improvements may be incorporated into 

36 the embodiment without departing from the scope of the 
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1 CLAIMS : " 
2 

3 1. An apparatus for swaging an end of a ttiJDular, the 

4 apparatus comprising a swaging itead for providing the 

5 swage to the end of the tubular, wherein the swaging 

6 head has two or more swaging formations provided 

7 thereon to permit swaging of differing diameters of 

8 tubular ends- 
9 

10 ' 2, An apparatus according to claim 1, wherein the 

11 swaging formation is provided on an internal bore of 

12 Che swaging head, such that the internal bore of the 

13 swaging head is capable of engaging the outer diamecer 

14 of the tubular end to provide the swage thereto. 
15 

16 3. An apparatus according to claim 2, wherein each 

17 swaging -formation comprises a first diameter of the 

18 swaging head, a second diameter being smaller than the 

19 first diameter, a third diameter being smaller than the 

20 second diameter, and a fourth diameter being smaller 

21 than the third diameter. 
22 

23 4. An apparatus according to claim 3, wherein the 

24 internal bore of the swaging head tapers substantially 

25 linearly inwardly, with respect to the longitudinal 

26 axis of the swaging head, from the first diameter to 

27 the second diameter, and from the second diameter to 

28 the third diameter. 
29 

3D 5- An apparatus according to claim 4, wherein the 

31 angle of the taper from the first to the second 

32 diameter is greater than the angle of the taper from 

33 the second to third diameter , 

35 6- An apparatus according to either of claims 4 or 5, 

36 wherein the surface of the internal bore of the swaging 
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1 head provided by the taper from the first to the second 

2 diameter is a guiding surface, and the surface provided 

3 by the taper from the second to third diameter is a 

4 swaging surface. 
5 

6 7. An apparatus according to any of 'claims 3 to 6, 

7 wherein the surface of the internal bore of the swaging 

8 head from the second/ third diameter to the third/ fourth 

9 diameter is arranged to be substantially perpendicular 
10 to the longitudinal axis of the swaging head. 

11 

12 8. An apparatus according to claim 7, wherein the 

13 surface of the internal bore of the swaging head from 

14 the second/third diameter is arranged to provide a 

15 shoulder or a stop surface against which the tubular 

16 end arrests, in use. 
17 

18 9. An apparatus according to any of claims 3 to 8, 

19 wherein the swaging head is arranged with at least 

20 first and second swaging formations, whereby the fourth 

21 diameter of the first swaging formation is greater than 

22 the first diameter of the second swaging formation. 
23 

24 10. An apparatus according to any of claims 3 to 9, 

25 wherein the first diameter of the first swaging 

26 formation is the closest diameter of all of the 

27 diameters of all of the swaging formations to the 

28 tiibular end, in use. 
29 

30 11. An apparatus according to claim 1, wherein the 

31 swaging formation is provided on an external diameter 

32 of the swaging head, such that the external diameter of 

33 the swaging head engages the inner diameter of the 

34 tubular end to provide the swage thereto. 
35 

36 12- An apparatus according to claim 11, wherein each 
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1 swaging formation comprises a first diameter of the 

2 swaging head, a second diameter being greater than the 
3 . first diameter, a third diameter being greater than the 

4 second diameter, and a fourth diameter being greater 

5 than the third diameter. 
6 

7 13. An apparatus according to claim 12, wherein the 

8 external diameter of the swaging head tapers 

9 substantially linearly outwardly, with respect to the ' 

10 longitudinal axis of the swaging head, from the first 

11 diameter to the second diameter, and from the second 

12 diameter to the third diameter. 
13 

14 14. An apparatus according to claim 13, wherein the 

15 angle of the taper from the first to the second 

IS diameter is greater than the angle of the taper from 

17 the second to third diameter. 

18 

19 15- An apparatus according to either of claims 13 or 

20 14, wherein the surface of the external diameter of the 

21 swaging head provided by the taper from the first to 

22 the second diameter is a guiding surface, and the 

23 surface provided by the taper from the second to third 

24 diameter is a swaging surface. 
25 

26 IG. An apparatus according to any of claims 12 to 15, 

27 wherein the surface of the external diameter of the 

28 swaging head from the second/third diameter to the 

29 third/fourth diameter is arranged to be substantially 
3 0 perpendicular to the longitudinal axis of the swaging 
31 head. 

32 

33 17. An apparatus according to claim 16, wherein the 

34 surface of the external diameter of the swaging head 

35 from the second/third diameter to the third/fourth 

36 diameter is arranged to provide a shoulder or a stop 
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1 surface against which the tubular end arrests, in use. 
2 

3 18. An apparatus according to any of clairas 12 to 17, 

4 wherein the swaging head is arranged with at: least 

5 first and second swaging formacions, whereby the fourth 

6 diameter of the first swaging formation is smaller than 

7 the first diameter of the second swaging formation, 
8 

9 19. An apparatus cording to any of claims 12 to 18, 

10 wherein the first diameter of the first swaging 

11 formation is the closest diameter of all of the 

12 diameters of all of the swaging formations to the 

13 tubular end, in use. 
14 

15 20. An apparatus for swaging an end of a tubular, the 

16 apparatus comprising a swaging head for swaging the end 

17 of the tubular, and a stop plate for abutment against 
IB the other end of the tubular, the swaging head and the 
19 stop plate being movably coupled to one another - 

20 

21 21. An apparatus according to claim 20, wherein 

22 movement of the swaging head and the stop plate toward 

23 one another facilitates swaging of the said one end of 

24 the tubular - 
25 

26 22. An apparatus according to either of claims 20 or 

27 21, wherein the swaging head is moveable toward the 

28 stop plate by means of a piston. 
29 

30 23. An apparatus according to any of claims 2 0 to 22, 

31 wherein the swaging head and the stop plate are movably 

32 coupled to one another by a frame. 
33 

34 24- An apparatus according to claim 23, wherein the 

35 frame" is adjustable such that the distance between the 

36 stop plate and the swaging head can be further varied 
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1 by means of adjustment of the frame. 
2 

3 25. An apparatus according to either of claims 23 or 

4 24, wherein the frame comprises ^at least one member 

5 coupled to both of the swaging head and the stop plate, 
6 

7 26. An apparatus according to claim 25, wherein the 

8 coupling between the member and at least one of the 

9 stop plate and swaging head is capable of adjustment in 

10 order to vary the length of the member between the 

11 swaging head and the stop plate. 
12 

13 27, An apparatus according to either of claims 25 or 

14 26, wherein the coupling between the member and the 

15 stop plate comprises a screw thread engagement. 
16 

17 28.- An apparatus according no any of^ claims 20 to 27, 

18 wherein the stop plate comprises a bore and a device 

19 for obturating the bore, such that when the device 

20 obturates the bore, the device abuts the said other end 

21 of the tubular, in use. 
22 

23 29- An apparatus according to claim 28, wherein the 

24 device is removable from the stop plate such that a 

25 tubular to be swaged may be passed through the bore of 

26 the stop place- 
27 

28 30- An apparatus for swaging an end of a tubular, the 

29 apparatus comprising a swaging head for swaging the end 

30 of the tubular, and a clamping device for clamping the 

31 tubular, the clamping device being split into at least 

32 three part -circular clamping segments which clamp 

33 substantially around the outer circumference of a 

34 portion of the tubular to permit it to be swaged. 
35 

36 31- An apparatus according to claim 30, wherein there 
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1 are at least four pare -circular clamping segments which 

2 clamp substantially around the outer circumference of 
3- the tubular to permit it to be swaged. 

4 ^ 

5 32. An apparatus according to either of clairns 30 or 

6 31, wherein there are two clamping devices provided, a 

7 forward clamping device which is arranged to be closest 

8 to the swaging head, and a rear clamping device which 

9 is arranged to be furthest from the swaging head. 
10 

11 33. An apparatus according to any of claims 30 to 32, 

12 wherein the clamping segments are housed within a 

13 clamping ring. 
14 

15 34 . An apparatus according to claim 33, wherein che 

16 clamping segments are mounted on the clamping ring in 

17 an arrangement such that the segments can move with 

18 respect to the ring. 
19 

20 35. An apparatus according to claim 34, wherein the 

21 clamping segments can move only to a relatively small 

22 degree with respect to the ring. 
23 

24 36- An apparatus according to any of claims 33 to 35, 

25 wherein the clamping ring is split inco at least two 

26 part circular members. 
27 

28 37. An apparatus according to claim 36, wherein the 

29 two part circular members are hinged together. 
30 

31 38- An apparatus according to claim 37, wherein the 

32 two part circular members are hinged together such that 

33 the ring is capable of being opened to permit a tubular 

34 to be inserted into the ring, and closed to clamp the 

35 segments around the tubular - 
36 
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1 39. An apparatus according to any of claims 33 to 38, 

2 wherein a range of segments can be housed within the 

3 ring . 

4 -T 

5 4 0. An apparatus according to claim 39, wherein the 

6 range of segments is of varying radial thickness, to 

7 permit a range of differing diameter tubulars to be 

8 clamped. 
9 

10 41. An apparatus for swaging a tubular, the apparatus 

11 comprising a swaging head for swaging the end of the 

12 tubular, and a clamping device for clamping the 

13 tubular, the clamping device having a plurality of 

14 teeth for gripping the outer surface of the tubular, 

15 and a plurality of grooves formed between the teeth, 

16 wherein the gripping surface of each tooth is 

17, - substantially parallel to the longitudinal axis of the 

18 tubular to be gripped, 

19 

20 42. An apparatus according to claim 41, wherein the 

21 grooves are formed with two side walls which are 

22 substantially perpendicular to the longitudinal axis of 

23 the tubular to be gripped. 
24 

25 43. An apparatus according to claim 42, wherein the 

26 grooves are formed with a lowermost surface which is 

27 substantially parallel to the longitudinal axis of the 

28 tubular to be gripped . 
29 

30 44 , A clamping device for use with the apparatus of 

31 claim 41, the clamping device comprising a plurality of 

32 teeth for gripping the outer surface of a tubular, and 

33 a plurality of grooves formed between the teeth; 

34 wherein the gripping surface of each tooth is 

35 substantially parallel to the longitudinal axis of the 

36 tubular to be gripped. 
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Attorney Docket No. M0378/7000 DRW 



DECLARATION FOR PATENT APPLICATION 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 

APPARATUS FOR SWAGING AN OBJECT 

the specification of which was filed as PCX International Application No. PCT/GBOO/00430, on 
February 11, 2000, which entered the U.S. on August 13, 2001, as U.S. Application Serial No. 
09/913,370, 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
appUcation in accordance with Title 37, Code of Federal Regulations, §1.56- 

I hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) or 
§365(b) of any foreign application(s) for patent or inventor's certificate, or section 365(a) of any 
PCX International application designating at least one country other than the United States listed 
below and have also identified below any foreign application for patent or inventor's certificate 
or PCT International application having a filing date before that of the application on which 
priority is claimed: 

Prior Foreign PCT International Application(s)and any priority claims under 35 U.S.C. §§119 
and 365(a),(b); 

Priority 
Claimed 

990315Q.2 GB 12/02/99 [X] [ ] 

(Number) (Country-xf PCT, so in diciu) (DD/MM/YV Filed) YES NO 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s), or §365(c) of any PCT International application(s) designating the United States 
of America listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the 
duty to disclose material infonnation as defined in Title 37, Code of Federal Regulations, § 1 .56 
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which became available between the filing date of the prior application and the national or PCT 
fatemational filing date of this applicatjion: 



(Appliutiou N 0.) (filing date) (status-patented, pending, abandoned) 

PCT International Applications designating the United States: 

PCTAJSQQ/0043Q 1L02.00 Pending 



(PCTAppL No.) 



(US. Ser. Ko.) (PCT nUng date) 



(5tatu$-patected,pendiog,abaadoned) 



I hereby appoint the following attomey(s) and/or agent(s) to prosecute this apphcation and to 
transact all business in the Patent and Trademark Office connected therewith: 



Robert M.Abrahamscn 4Q.SS6_^ 
^ Konstantinos Andrikopoulos 4^915 

■■ Eric Amundsen J^$i5II_. 

John N- Anastasi ^2i7§5_ 

IlanBarzilay 46,540 

Carole Boelitz ^S^aSgL. 

Gary Engelson 3 1128 

Neil P. Ferraro 39MS 

TTiomasG. Field ra 45,596 

Stephen R. Finch ,4 2,534 
Edward R. Gates 

Richard F. Giunta ?6J49„ 

Lawrence M. Green ^^ilH— 

George L- Greenfield ^VJJ^ — 

James M. Hanifin, Jr. 39>213 
^^venJ.Henxy 



Jason M, Honeyman 
Robert E. Hunt 
Ronald J. Kransdorf 
Peter C. Lando 
M. Brad Lawrence 
Helen C. LocKhart 
Matthew B. Lowric 
William R- McQellan 
Daniel P. McLoughlin 
Chantal Morgan-D'Apuzzo 
James H. Morris 
Timothy L Oyer 
Edward F. Perlman 
Elizabeth R- Plumer 
Michael J. Pomianek 
Randy J. Piatzker 



31 ,624 
39,231 , 
20,004 
_34.6S4 

47aiflL, 
39,248 

29,409 

48J25_ 
34.681 
36,628 
7ZM5 
36,637j 
j4 6j90 : 
35,986 ^ 



Edward J. Russavage 
Stanley Sacks 
Robert A. Skrivanek, Jr. 
Alan W. Steele 
Mark Steinberg 
Joseph Teja, Jr. 
Maria A. Trcvisan 
John R. Van Amsterdam 
Robert H. Walat 

Kristin D. Wheeler 
Lisa E, Winsor 
David Wolf 
Douglas R. Wolf 



43,069 
41316 

^^207 
_40^2 
46324^ 

^444lQi_ 
_I7,528_ 
36,971 



Address all telephone calls to Douglas R. Wolf at telephone no. (6 J 7) 720-3500. 
correspondence to: 

Douglas R. Wolf 
c/o Wolf, Greenfield & Sacks, P-C, 
Federal Reserve Plaza 
600 Atlantic Avenue 
Boston, MA 02210-2211 



Address all 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
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Code and that such willful false statements may jeopardize the vah'dity of the application or any 
patent issued thereon. 




Date' ^ 



Inventor's signature 

Full name of first or joinf inventor: R onald Miyte 
Citizenship: GB 

Residence & PO Address: 2 West Cults Road, Cults^berdeen 

AB15 9HN, United Kingdom ^-i 



loVentor's s^enature 

Full name of second joint^nventor: Joseph K. Mudge 
Citizenship: <jB 

Residence & PO Address: 22 Cults Avcmue, Aberdeen AB 1 5 

9RS, United Kingdom y^-^ 



/ Date 




InveBtoF*^ signature 

Full name of third joint inventor: 
Citizenship: 

Residence & PO Address: 



Thomas K. McLaughlin 
GB ~ 
3 Keir Rise, Ba bnedic Aberdeenshire 
AB23 8TW, United Kingdom ^ ^ 



